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The stability of cosmological event and Cauchy horizons of spacetimes associated with plane sym-
metric domain walls is studied. It is found that both horizons are not stable against perturbations of
null Huids and massless scalar fields; they are turned into curvature singularities. These singularities
are lightlike and strong in the sense that both the tidal forces and distortions acting on test particles
become unbounded when these singularities are approached.
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I. INTR.ODUCTION
It is the general belief [1], often referred to as the
no-hair conjecture, that the external gravitational field
of a very massive collapsing body will finally relax to
a black hole field, described by the three-parameter,
(mass, charge, and angular momentum) class of the Kerr-
Newman (KN) solutions [2], although some counterexam-
ples exist [3]. Regarding the latter, one of the questions
is how much those examples represent the evolution of a
realistic collapsing body.
Assuming that the no-hair conjecture is true, we still
are left with some problems concerning the internal struc-
ture of black holes. The KN black hole possesses a
Cauchy (inner) horizon, beyond which the predictability
of physics, similar to the case of naked singularities [3],
becomes impossible even at the classical level. However,
as first noticed by Penrose [4], the Cauchy horizon (CH)
is a surface of infinite blueshift, and thus when perturbed
by some radiative tails (these tails are always expected
to exist [5]) it will be turned into a spacetime singularity.
This observation has been verified both by perturbations
[6] and by analytic investigations [7, 8]. In particular,
Poisson and Israel [8] found that when two oppositely
moving null Buids are present, the CH in the Reissner-
Nordstrom (RN) solution is replaced by a curvature sin-
gularity, and that the mass parameter on this surface be-
comes unbounded —this is the so-called mass inBation
phenomenon. In view of this enormous mass, the charge
and angular momentum become irrelevant, and then the
internal is accurately described by the Schwarzschild so-
lution. Thus, the CH actually services as the ultimate
everything-proof dam [9], at which the evolution of the
spacetime is forced to stop. As a result, the predictability
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is preserved. For the generic cases, the nature of this sin-
gularity, lightlike (null) or spacelike, now is still unclear
[1Q], although according to the strong cosmic censorship
conjecture [ll] the spacelike nature is more favorable [12].
Motivated partly by the recent studies of the inBa-
tionary Universe [13],models including the cosinological
constant have been considered [14,15]. In particular, it is
found that, contrary to the KN black hole, the ones with
the cosmological constant have a CH which is stable for
certain choices of the kee parameters. Thus, the prob-
lem of the predictability rises again. However, it should
be noted that whenever the cosmological constant is dif-
ferent from zero, a cosmological event horizon (CEH) is
present [16].
The studies of the internal structure of black holes car-
ried out so far are mainly restricted to the spacetimes
with spherical symmetry [1Q], although some attempts to
study spacetimes with axial symmetry have already been
initiated [17]. However, because of the complexity of the
problems involved, such studies (even in the spherically
symmetric case) are frequently frustrating [1Q]. There-
fore, it would be of interest to investigate the above-
mentioned problems in the spacetimes which are simpler
but in which some of those nontrivial properties of black
holes remain. Activity in this direction has already been
taken in low-dimensional spacetimes [18].
In this paper, we shall study the stability of the CEH
and CH in the usual (3+1)-dimensional spacetimes with
plane symmetry, due to the recent discovery of the non-
trivial topology of plane domain wall spacetimes [19—21].
In these solutions, CEH's, CH's, and event horizons
(EH's) are all present. Since the spacetimes with plane
symmetry are easier to handle, they provide a base on
which the above issues can be studied in some detail. It
might be argued that spacetimes with plane symmetry
are not realistic, and that they involve infinitely large
masses. In addition, domain walls violate the strong
energy condition [22] (but not the weak and dominant
ones). However, as we shall see below, they do shed some
light on the black hole paradigm.
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The rest of the paper is organized as follows. In Sec.
II some properties of the spacetimes with plane symme-
try are brieffy reviewed. In Sec. III the instability of the
CEH s appearing in a domain wall spacetime [19] is stud-
ied. Following a similar line, the instability of the CH s of
a supersymmetric plane domain wall [20] is investigated
in Sec. IV. Finally, in Sec. V our main conclusions are
presented.
In this paper, the units are chosen such that 8vrG =
1 = c, where G denotes the gravitational constant, and c
the speed of light. The signature of the metric is + ———.
II. SPACETIMES WITH PLANE SYMMETRY
Qf —= —g""V'„V'„u = e U,„,
Q„=——g" V'„V' v = e U,„ (6)
represent the rates of contraction of the null geodesic
congruences, defined, respectively, by V'~u and V'~v.
that the spacetimes of black holes usually are Petrov type
D [1,27].
On the other hand, one can show that the two null
vectors V'„u (= e ~ I„) and V'„v (= e ~ n„), where V'
denotes the covariant derivative, define two null afBnely
parametrized geodesic congruences [28], and that the
quantities
where f and U are functions of t and z only, and the range
of the coordinates is —oo ( t, z, x, y ( +oo. The three
Killing vectors that characterize the plane symmetry are0,0„, and yB —xO„. Introducing two null coordinates
u and v via the relations
t = a(u) + b(v), z = a(u) —b(v),
where a(u) and b(v) are two arbitrary functions of their
indicated arguments, subject to a'(u)b'(v) g 0, where a
prime denotes the ordinary diff'erentiation, Eq. (1) now
reads
ds = 2e™dudv—e (dx + dy ),
with e—:2a'(u)b'(v) f(t, z). The corresponding non-
vanishing components of the Ricci tensor can be found,
for example, in [26]. Because of the symmetry, the Weyl
tensor C„pp has only one "Coulomb" component, given
by [26]
1
4'2 = ——C„pp(t"n" I"n —1"n m"m )2 2 pvAp
1 M (M)uv —U~uv ) )6
where (), —:8()/Ox, and l", n", m", and m~ are four
null vectors, defined by
l" = M/2b"
v ~
M/2pp,
~)
~U/2 U/2
m. = ' (b:+,S~), m ~ = ' (g —'b~). (5)
Thus, according to the Petrov classifications [27], the
spacetimes described by Eq. (1) or Eq. (3) are either
Petrov type D (42 g 0) or Petrov type 0 (4'2 —0). Note
To facilitate our discussions, in this section we shall
brieffy review some properties of spacetimes with plane
symmetry. The metric in general can be written as [23]
ds2 = f(dt —dz ) —e (dx + dy ),
III. INSTABILITY OF COSMOLOGICAL
EVENT HORIZONS
In 1983, Vilenkin [29] found a solution to the Ein-
stein field equations, which represents a plane domain
wall with zero thickness. The solution is given by
U = k([z[ —t),
where k is a positive constant. To justify that the above
solution indeed represents a domain wall, Widrow [30]
considered the fully coupled Einstein-scalar field equa-
tions, and found that when far away from the center of
the wall, the metric for the Einstein-scalar field equations
is indeed well described by Eq. (7), although when near
the center they coincide only with the first order. Since
in this paper we are mainly concerned with the behav-
ior of the metric at [z[ = oo (as we shall see below, this
limit describes the locations of the domain walls CEH),
the description of the wall by Eq. (7) is sufficient for our
present purposes.
One of the interesting features of Vilenkin's solution
is that at each of the three spatial directions a CEH ex-
ists. The ones in the x and y directions are de Sitter-like,
and the extensions beyond them are similar to the four-
dimensional counterpart given in [22]. In [29], Vilenkin
provided an extension beyond the horizon in the z di-
rection, while lately Gibbons [19], among other things,
reconsidered this problem and provided another. In this
section, we shall first (Sec. III A) give another exten-
sion of Vilenkin's solution along a line similar to that
of Ref. [21]. The extension is first made independently
in each side of the wall, and then glued together. The
explicit expressions for such a gluing are given, which
are not expected in the general case [31,32]. In the same
subsection, Vilenkin's extension and the interpretation of
Vilenkin's domain wall as a closed hypersurface, a bubble
[33], are also considered. In Sec. III B the instability of
the CEH's is studied.
A. Maximal extension of Vilenkin's solution
Here ere use the definition of plane symmetry originally
given by Taub [23]. Recently, this definition was extended to
cover a more general situation [24, 25]. Now, the spacetimes
defined by Eq. (1) are said to have planar symmetry.
Following Ref. [21] (see also Refs. [20] and [34]), let us
first make the coordinate transformation
(8)
in the region z & 0, where n—:k/~2. Then, in terms of
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M=0, U= —ln(a v ) (z&0).
u and v, the metric takes the form of Eq. (3) with A:2T = —IT'+ z')v+ (u+ v)),4
From Eq. (8), we find
uv = —~-'e-", —= —e (z&0),
V
(10)
Z = —(x +y )v+ (u —v)
which shows explicitly the mappings between the (t, z)
and (u, v) planes. In particular, the wall (z = 0) is
mapped to the hyperbola uv = —o. , while the hyper-
surface z = +oo is mapped to the two axes u = 0 and
v = 0, across which the coordinate t becomes spacelike
and z timelike. As Gibbons pointed out [19], these two
axes actually are the locations of the CEH's [cf. Fig. 1].
From Fig. 1(a) we can see that there essentially exist two
walls, each of them located in one of the two branches
of the hyperbola uv = —o. . These two walls move
towards each other at the beginning with a constant ac-
celeration, and then recede to infinity and behave like
Rindjer particles [35]. On the other hand, one can show
that the extension given by Eq. (9) is the maximal and
analytic extension of Vilenkin's domain wall solution for
the region z & 0. This can be seen, for example, by
transforming it into the Minkowski spacetime
kvx kvy
—1 k(t+z)/2 — —le —k(t z)/2 (—& 0) (12)
Then, we have
By using the above equation, Gibbons made the exten-
sion for the region where z & 0. From the above discus-
sions we can see that the only difference between ours
and Gibbons' is that in our case we have removed the
two regions III and III' while Gibbons removed only re-
gion III' and kept region III as a part of the extended
spacetime. As a result, in our extension, there exist two
walls, while in Gibbons' there exists only one wall.
In the region where z & 0, similarly we make the co-
ordinate transformation
tLV = —0! C —=-e (z&0),
V
a C
P
c
d b
from which the mappings between the (t, z) and (u, 6)
planes can be found easily, which is similar to that for
the region where z & 0 [cf. Fig. 1(b)]. In particular, the
center of the wall (z = 0) is mapped to the hyperbola
ue = —o. 2, and the hypersurface z = —oo to the axes
u = 0 and 8 = 0, across which the coordinates t and z
exchange their roles.
Assuming Eqs. (8) and (12) to be valid in the neighbor-
hood of the hypersurface z = 0, we can immediately find
the matching between the two extended regions, which is
given by
(a) (b) Vl = —O.' ll ) V = —0! 'U (14)
FIG. 1. The Penrose diagram for the extended Vilenkin
domain wall spacetime. The spatial coordinates x and y are
suppressed. (a) represents the extension in the region where
z ) 0. In particular, the region z 6 [0, +oo) is mapped to the
regions I and I', where I = (x":—o. & uv & 0, u ) 0) audI'—:(x~: ct & uv &—O, v ) 0) are symmetric with respect
to the hypersurface u = v and are causally disconnected. The
timelike coordinate t is past directed in region I and future
directed in region I'. Regions II (—:(x": u, v ) 0)) and
II' (= (x~: u, v & 0)) are two extended regions, while regions
III(—:(x": uv & —ct ', u ) 0)) and III' (=—(x": uv &
, v ) 0)) are the regions in the other side of the wall.
(b) represents the extension of the spacetime in the region
where z & 0. Because of the reHection symmetry, it can be
easily obtained by replacing u, e by u, 8, and the regions I, I',
II, II', III, III' by A, A', B,B', C, C', respectively. To match
the two diamonds together, regions III, III', C and C' have
to be removed. The identifications on the walls are given by
Eq. (14). For example, the two points P and Q are identical,
respectively, to P' and Q'. The lines ad, bc, a'd', and b'c' are
the locations of the cosmological event horizons.
In view of the above equation, we can write the metric
in the whole extended spacetime as
'2dudv —a2v (dx + dy2) (z & 0),
2(a uv) dudv —(nu) 2(dx2 + dy2) (z & 0).
(15)
From the above expression we can see that the metric
coefBcients are continuous across the hypersurfaces uv =
—(nu) but not their first derivatives, which re8ects the
fact that the walls are located on these surfaces.
It should be noted that instead of gluing the hypersur-
faces ab and a'6' together, as indicated in Fig. 1, one can
glue each of them with other pieces that are described by
Eq. (15). Such a process can repeat infinite times in the
transverse direction, so finally we have a spacetime that
has a chain structure (cf. Fig. 2). By this way, actually
we have infinite number of walls in the whole spacetime
and all of them are causally disconnected.
In Ref. [29], Vilenkin gave an extension across the
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to the region where R E [~T~, (T + 2n ) ~ ], and the
part D—:(x":T2 & uv & O, u & 0), of region II (orD' = (x":T2 & uv & O, u & 0} of region II') to the
region where R E [0, ~T~], while the part E—:II —D
(or E'—:II' —D') to a region where the coordinate
R takes complex values. Therefore, in order to have a
geodesically complete spacetime, one is forced to include
a region where R is complex, which is clearly physically
meaningless.
FIG. 2. Instead of identifying the two surfaces ab and a'6'
as indicated in Fig. 1, we can glue the two with other pieces
that are described by Eq. (15). Repeating this process in-
6nite times in the transverse direction, finally we obtain a
spacetime with a chain structure, in which there exists an in-
finite number of walls. When drawing this diagram, instead
of choosing n in Eq. (8) as n = k/~2, we have set n = 1, so
the walls are the vertical lines.
B. Instability of the cosmological event horizons
Now let us turn to consider the stability of the CEH's
appearing in the above solution. Because of the refIection
symmetry, without loss of generality, in the following we
shall focus our attention only in the region where z ) 0.
Then, from Eqs. (6) and (15) we find
2
Qi = —— Q„=0.
hypersurfaces ]z~ = oo. Because of the reHection symme-
try, it is suKcient to consider the extension in the region
where z & 0, which is performed by introducing two new
coordinates T and Z by
Thus, as v -+ 0, we have Qi -+ +oo, which indicates
that the CEH at v = 0 is not stable against perturbations
moving along the null geodesics defined by II". To show
that this is indeed the case, it is found sufhcient to focus
our attention in one of the two diamonds, say, Fig. 1(a).
In this region, let us consider the solutions
2T=t, Z= —(1 —e "'~ ) (z&0). (16) U = —in[f (u) + n2v2],
The hypersurface z = ao is mapped to Z = 2/k, and
the center of the wall z = 0 to Z = 0, while the region
z p [0, +oo) to Z 6 [0, &). From Eqs. (8) and (16), on
the other hand, we find
+ n2v2 (20)
u=o. ' 1 ——Z e "~~'
v= —n 1 ——Z ~e" ~ (z&0).
2 )
The above expressions show that the half of the (T, Z)
plane with Z & 0 is mapped to the three regions I', I,
and III in Fig. 1. Similar to the extension of Gibbons
[19], Vilenkin took region III as a part of the extension
too. As a result, in Vilenkin s extension, there exists only
one wall. However, Vilenkin s extension is different from
Gibbons' in that it excludes regions II and II'. Thus,
Vilenkin's extension is not the maximal extension.
On the other hand, from Eq. (11) we find that
T" = p&L"l" + p2n"n",
where
(21)
I fl —g —h,
[cK v (f + a,2v2)]1~2
2a2vh'(v) e
[a, v (f + A2v2)]1~2
where f, g, and h are arbitrary functions of their indi-
cated arguments. When these functions vanish, the so-
lutians reduce to the one given by Eq. (15) in the region
where z & 0. When they are different from zero, the
corresponding energy-momentum tensor (EMT) in this
region is given by
R —T = —2thV ) (18)
where R = X + Y + Z . From the above expression,
it was concluded that the wall in the Minkowski coor-
dinates (ll) is not a plane at all; instead, it becomes a
closed hypersurface, a bubble [33]. However, following
the cansideratians given in [21], we argue that the inter-
pretation of the above solution as representing a plane
domain wall is more favorable than that as representing
a bubble. Fram Eq. (18) we can see that the coordi-
nate transformations (11) map region I (or I') in Fig. 1
In the following the arbitrary functions f, g, and h will
be chosen such that pq and p2 are non-negative. Then,
we can see that Eq. (21) represents two null dust Huids
propagating along the geodesic congruences defined, re-
spectively, by l~ and n" (cf. Fig. 3). In order ta consider
the Huids as perturbations, we further require that f, g, h,
and their derivatives be small.
Note that when pip2 j 0, we can canstruct twa unit
vectors u„and y~ by [28, 36]
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FIG. 3. The projection of the spacetime onto the (u, v)
plane. Two null fluids moving toward each other initially in
regions I and I', along the null geodesic congruences de6ned,
respectively, by /~ and n~. After they collide on the two-
surface u = 0 and v = 0, they form a curvature singularity on
the CEH where v = O, u & 0. The nature of the singularity is
null.
in the spherically symmetric case but at the hypersurface
of a CH with a nonvanishing cosmological constant (see
the second paper quoted in Ref. [15]).
As in the case of the CH's [7, 8], the presence of the
null fluid p2 is not essential to the formation of the sin-
gularity as indicated by Eq. (19), although it affects the
nature of the singularity. This can be seen by the fol-
lowing considerations. Setting h(v) = 0, then Eq. (22)
gives p2 ——0. To see that in the latter case a space-
time singularity is still formed on the CEH, we follow
Ref. [7]. We first find a freely falling frame, and then
we calculate the Riemann tensor in this frame. Since the
components of the Riemann tensor represent the tidal
forces experienced by the timelike particles, if any of
them becomes unbounded, we conclude that a spacetime
singularity is formed. As assumed above, the functions
f, g and their derivatives are very small, we see that the
timelike geodesics can be well approximated by the ones
with f = g = 0. For the latter, the timelike geodesics
perpendicular to the (x, y) plane are simply given by the
tangent vector Alod —dx" /dr = E+8„"+ E h~, where
E~ = [E + (E' —1)' ']/i/2, 7 denotes the proper time
of the test particles, and E the energy. From A(0) we can
construct other three linearly independent spacelike unit
vectors Af l(a = 1, 2, 3) by
( ii/4
4p2
(23)
such that
pit"t" + p~n"~" = p( "~ +X"X")
p=(pip2)'/', ti ~ = —X X =1 ~ X =o (24)
The above equations show that the sum of two null fluids
behaves like an anisotropic fIuid: the pressure of it has
only one nonvanishing component along the y" direction,
and. is equal to the energy density of the fluid. Moreover,
this anisotropic fluid satisfies all the (weak, dominant,
and strong) energy conditions [22].
On the other hand, the combination of Eqs. (4) and
(20) yields
o.'v ' u e-g-"
C2 — —2(n'v'(y + n'v2)] (25)
Thus, because of the existence of the perturbations the
spacetime now becomes Petrov type D. In terms of 42
and pi 2, the Kretschmann scalar is given by
VZ:—R" "'R„„&~= 4(6~Ii', + p, p2). (26)
From Eqs. (22) and (25) we find that as v -+ 0, the
Kretschmann scalar diverges as v . That is, the CEH
at the hypersurface v = 0 is not stable against the null
fluids and are turned into a scalar singularity. The nature
of the singularity is null. It should be noted that the
divergence of 'R is due to the mutual focus of the two
null fluids, and that the "Coulomb" gravitational field
42 remains finite, a phenomenon which was also found
(2) (3) (27)
where U is given by Eq. (20). One can show that such
defined four-vectors form a freely falling frame [37]. Com-
puting the Riemann tensor in this frame, we find that one
of the nonvanishing components is given by
yvcrb (oj . (2) (il (2i ( ) 2
which diverges as v as v —+ 0 . It is interesting to note
that the twice integration of the above component with
respect to the proper time, which gives the distortion
of the test particles, is proportional to ln( —v) that also
diverges as v ~ 0 . This is contrary to the case of the
CH in the spherically symmetric spacetimes [9, 10]. On
the other hand, from Eq. (26) we can see that now the
Kretschmann scalar is finite at v = 0. As a matter of
fact, one can show that when h(v) = 0 the other 13
polynomial curvature scalars [38] are also finite at v = 0.
Thus, the singularity now becomes a nonscalar one [39,
40], but still very strong in the sense that both of the tidal
forces and distortion acting on the test particles diverge
as the singularity is approached.
In Ref. [41], we have shown that the CEH's are also
not stable against a massless scalar field and are turned
into scalar singularities. The difrerence is that there the
only nonvanishing component @2 of the Weyl tensor also
diverges on the CEH's.
IV. INSTABILITY OF CAUCHY HORIZONS
In Ref. [20], Cvetic and co-workers studied space-
times induced from plane supersymmetric domain walls
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interpolating between Minkowski (M4) and anti —de Sit-
ter (AdS4) vacua. It was found that the global structure
of the spacetime has a lattice structure quite similar to
that of the RN solution but without singularities. The
solution is given by Eq. (1) with
z M+oo,
(nz) 2, z —+ —oo,
(29)
where n is defined as n—:(—A/3) ~, and A is the cosmo-
logical constant which is negative in the present case. In
between these two asymptotic regions, a domain wall is
located, and the metric coefFicients smoothly interpolate
between the two vacuum regions. Since we are mainly
concerned with the asymptotic behavior of the space-
time, without loss of generality, we can take the wall as
infinitely thin and located on the hypersurface z = —o.
[20]. Then, the spacetime is M4 for z ) —n and AdS4
for z ( —o. . On the hypersurface there is a domain
wall with its surface energy density given by o = 2o.. By
studying the motion of the test particles, it was found [20]
that particles leaving from the wall and moving to the
AdS4 side reach z = —oo in a finite proper time. Thus,
to have a geodesically complete spacetime, one needs to
extend the solution beyond z = —oo. After this is done,
the spacetime has a lattice structure, and the hypersur-
face z = —oo actually represents a CH [20]. For details,
we refer the readers to see Ref. [20]. In the following, we
shall consider the stability of the CH against null fluids
and massless scalar fields.
A. Perturbations of null fluids
Choosing a(u) = u/~2 and b(v) = v/~2 in Eq. (2),
from Eq. (6) we then find that
Q( = —Q„= ~2nz, (30)
and
—g(u), z ) —n
'ln[n (u —v) /2], z ( —n
0, z& —o,
(32)
where g(u) is a smooth function. When it vanishes, the
solutions reduce to the domain wall solution of Cvetic et
al. [20]. When it is difFerent from zero but very small,
the solutions represent perturbations on the domain wall
background. The corresponding EMT is given by
T„=crh„8(z+n ')+ (pil„l +pg„„)[1—II(z+ n ')],
(33)
in the AdS4 side. Thus, as z ~ —oo, we have Qi -+ +oo
and Q + —oo. Then, we would expect that for the per-
turbations of a null fluid moving along the null geodesics
defined by I,", the CH will be turned into spacetime sin-
gularity. To illustrate this point, let us consider the so-
lutions
'ln[n (u —v) /2] —g(u), z & —n
where
~g (u) —g(u) 2 —g(u))
z
@+ = (&( )'+ (( )'[(@ )' —1l)")/v 2 (35)
where E is the energy of the test particles. Then, one
can show that one of the nonvanishing components of
the Riemann tensor is given by
g'( )E
R„~~gA(o) A(2) A(0).A(2) —o. ~ 0+2z (36)
On the other hand, one can also show that as z —+ —oo
we have z = w, where v is the proper time of the
test particles. Thus, from Eqs. (35) and (36) we can
see that both the tidal forces and distortions acting on
the test particles become infinite as z ~ —oo. That
is, the CH on z = —oo is indeed turned into a spacetime
singularity, and the nature of this singularity, contrary to
the spherically symmetric case [9, 10], is strong, although
42 is still zero, as one can easily show from Eqs. (4), (31),
and (32).
B. Perturbations of massless scalar flelds
In order to construct perturbations that turn the CH
into a scalar singularity, one way is to consider two op-
positely moving null fluids, another is to consider pertur-
bations of a massless scalar field, similar to that of Ref.
[41]. It should be noted that the specific form of the per-
turbations, two null fluids, massless scalar fields, or any
of others, is not important to the formation of a scalar
singularity. What is really important in our analysis is
that the perturbations have to have the two nonzero Ricci
scalars happ and 422, where @pp = (R„—4g~ R)l~l and
422 = (R„„—4g~„R)nI"n . They represent the mutual
focus between the matter components of the perturba-
tions moving along the two null geodesic congruences de-
fined by l~ and n" [42], and the Kretschmann scalar is
proportional to 4pp@22 [38].
The perturbations of a massless scalar Beld on the
p = A(e g(") —1), li„=g„'I gV QV ( (g 'I
M/2
(b„" —P„), (34)
2
8(x) denotes the Dirac delta function, and II(x) the
Heaviside function, which is one for x & 0 and zero for
x ( 0. Provided that p~ & 0, we can see that the solu-
tions given by Eqs. (31) and (32) represent perturbations
of a fluid in the AdS4 region, which is described by the
last term in the right-hand side of Eq. (33). This fiuid is
type II in the sense defined in [22]. In the present case,
since g(u) is very small, we have p = 0. Thus, practically
the fluid is null. As before, this particular class of single
null fluids cannot form a scalar singularity, but, as we
shall show below, it does form a nonscalar one. To see
this, we calculate the components of the Riemann tensor
in a freely falling frame, which is now given by Eq. (27)
but with
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above domain wall background can be studied by the
following specific solution that is given by Eq. (1) with
1, z+ —0!
(az) 2, z ( —n
where
1 ln(t, —t), (t;„„g""= 0,
2
U = —ln( f) —ln (to —t) .
The corresponding EMT is given by
T„=2n(t„t —x„x —y~y„)b(z + a i)
1
+4,~(t, - —2y~ (t, 4'
(37)
(38)
and to is an arbitrary constant. The fact that the par-
ticular solution (39) is singular at t = to will play no
role in our analysis, since we are interested in the limit
~z] ~ —oo. Equation (38) shows that the solution (37)
indeed represents a massless scalar field P on the back-
ground of the domain wall of Eq. (29). The corresponding
Kretschmann scalar is given by
f
(, ,), [96(t —t)4 + 8(t —t) z2 + 3z ], z & —n
~pvAb~
3 z& —o. '4(t, —t)4 &
(40)
Clearly, as z + —oo, 'R diverges like z . Thus, because of
the presence of the massless scalar field, the CH is turned
into a spacetime singularity. By considering the compo-
nents of the Riemann tensor in a freely falling frame„one
can show that this singularity is strong. In fact, we find
that one of them is given by
2 4Z
B„„~sA(0)A(2) A(o) A(2) —n 1 + ) (41)
Thus, as z —+ —oo, @2 diverges like z —w . Con-
trary to the perturbations of a null Quid, now we have a
"mass inflation phenomenon" (recall that in the spheri-
cally symmetric case, @2 is proportional to the mass pa-
rameter). Even though the analysis was carried out with
a very particular solution, because of the arguments pre-
sented at the beginning of this subsection, we believe that
the conclusions are valid for a large class of scalar field
perturbations.
In addition to the null singularity occurring on z =
—oo, there is also a spacelike singularity on t = to. That
is, initially the CH is turned into a null curvature singu-
larity. However, as the time is developing, the spacetime
collapses. At the moment t = to, the spacetime collapses
into a spacelike singularity, and the null one is finally re-
placed by the spacelike one [10, 43]. This fact depends
on the particular form of (39). We also believe that solu-
which diverges like z as z + —oo. On the other hand,
we find that as z a —oo we have z = 7, where v, as
before, is the proper time of the test particles.
Inserting Eq. (37) into Eq. (4), we have
—(nz) [12(to —t)] ', z & n—
(42)
[12(t, —t)], z & —n-'.
tions of the field equations presenting a similar singular
behavior will produce spacetimes with similar singular
structure.
V. CONCLUSIONS
In this paper, we have shown that the CH's appearing
in the plane domain wall solution of Cvetic et al. [20] are
not stable against both a null Quid and a massless scalar
field, and are turned into strong curvature singularities.
In the perturbations of a null fluid, the divergence of the
tidal forces and distortions of the test particles is purely
due to the null fluid. , and the Weyl tensor vanishes identi-
cally. However, in the perturbations of a massless scalar
field, it is due to both the scalar field and the "Coulomb"
gravitational field 4'2. Therefore, a phenomenon similar
to mass inflation occurs in the latter case but not in the
former.
On the other hand, we have also shown that the CEH's
appearing in Vilenkin's plane domain wall spacetime are
not stable against null fluids and massless scalar fields.
They are all turned into strong spacetime singularities,
as both the tidal forces and the distortions of the test
particles diverge as these singularities are approached.
Regarding this result, a natural question is: Is the CEH
appearing in the KN —de Sitter solutions also unstable?
To have a definite answer, one way is to consider the
perturbations along a line given in Refs. [7, 8]. Work in
this direction will be reported somewhere else.
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